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(54) Automatic speed-change selector apparatus for a gear transmission 



(57) A select mechanism for executing select oper- 
ation and a change speed mechanism for executing 
change speed operation are incorporated into the auto- 
matic speed-change apparatus. The change speed 
mechanism is provided with a change speed motor 1 4 
capable of controlling forward and backward rotation, a 
single or a plurality of intermediate shaft gear mecha- 
nisms 16 reducing and then transmitting the speed of 
the rotation of the speed change motor and each con- 



sisting of a large diameter gear 17, a small diameter 
gear 1 8 and an intermediate shaft 1 9 parallel to a select 
and change speed pull-rod 2, a change speed gear 24 
engaged with the intermediate shaft gear mechanisms 
to transmit rotation and fixed to the select and change 
speed pull-rod 2, and a change speed sensor 28 pro- 
vided on the outer end of the select and change speed 
pull-rod 2 and detecting the operating angle of the pull- 
rod 2 in rotation direction. 
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. Description 

[0001] The present invention relates to an automatic 
speed-change apparatus for automatically changing the 
speed of a gear transmission. 

[0002] There has been provided an apparatus in 
which a manual gear transmission mechanism is used 
as it is and speed-change and clutch operations are au- 
tomated through a hydraulic apparatus by computer 
control. This apparatus, however, requires three cylin- 
ders for clutch, shift and select operations, and a v 
number of solenoid valves for driving these cylinders as 
well as a hydraulic system. Due to this, the apparatus 
has disadvantages in complicated structure, large size 
and high cost. 

[0003] In addition, there has been provided an appa- 
ratus in which motors are employed to the select and 
change speed actuators for a gear transmission, as dis- 
closed by, for example, Japanese Patent Publication 
No. 61-51697. This apparatus, however, requires as 
many motors as select lines and a plurality of motors 
and solenoid valves are used. Due to this, this apparatus 
has disadvantages in complicated structure, large size 
and high cost. 

[0004] The present invention has been made in view 
of the above conventional disadvantages. It is, there- 
fore, an object of the present invention to provide an au- 
tomatic speed-change apparatus for a gear transmis- 
sion which is simple in structure and can be manufac- 
tured at low cost. 

[0005] According to the present invention, there is 
provided an automatic speed-change apparatus for a 
gear transmission, connected to a select and change 
speed pull-rod of the gear transmission having a consti- 
tution in which the select and change speed pull-rod is 
moved In an axial direction to select a line of a change 
speed fork provided within the gear transmission and a 
rotation direction of the select and change speed pull- 
rod cooperates with the change speed fork to complete 
speed change of a gear, for executing select and change 
speed operations of the gear transmission, wherein a 
select mechanism for executing the select operation 
and a change speed mechanism for executing the 
change speed operation are incorporated into the auto- 
matic speed-change apparatus; the select mechanism 
comprises a select shaft rotated by a select motor ca- 
pable of controlling forward and backward rotation, a se- 
lect sensor provided on an outer end of the select shaft 
and detecting an operating angle of the select shaft in 
rotation direction, a select lever fixed to the select shaft 
and a connector connecting a tip end portion of the se- 
. lect lever to the select shaft; the change speed mecha- 
nism comprises a change speed motor capable of con- 
trolling forward and backward rotation; a plurality of in- . 
termediate shaft gear mechanisms each having a large 
diameter gear, a small diameter gear and an intermedi- 
ate shaft parallel to the select and change speed pull^ 
rod; a change speed gear engaged with the intermedi- 



ate shaft gear mechanism to transmit rotation and fixed 
to the select and change speed pull-rod; and a change 
. speed sensor provided on an outer end of the select and 
change speed rod and detecting an operating angle of 
5 the select and change speed pull-rod in the rotation di- 
rection; during the select operation, when the select mo- 
tor is actuated, the select shaft is deformed in the rota- 
tion direction to rock the select lever and to axially move 
the select and change speed pull-rod through the con- 
io nector and the select shaft is adjusted by feedback con- 
trol of the select sensor to thereby allow the select shaft 
to reach a predetermined select line; and during the 
change speed operation* when the change speed motor 
is actuated, the change speed gear is rocked through 
15 the intermediate shaft gear mechanisms and the select 
and change speed pull-rod is deformed in the rotation 
direction and adjusted by feedback control of the 
change speed sensor to thereby allow the select and 
change speed pull-rod to reach a predetermined change 
20 speed line. 

[0006] Two pairs of a first intermediate shaft gear 
mechanism and a second intermediate shaft gear 
mechanism may be provided in the change speed 
mechanism between an output shaft of the change 
25 speed motor and the select and change speed pull-rod 
to thereby constitute a first reduction gear mechanism, 
a second reduction gear mechanism and a third reduc- 
tion gear mechanism from a change speed motor side 
in this order and a main body of the change speed motor 
30 is provided at the gear transmission side; the shift mech- 
anism is provided with a small diameter change speed 
gear fixed to the output shaft of the change shaft motor 
and a large diameter change speed gear engaged with 
the small diameter gear of the second intermediate shaft 
35 gear mechanism to transmit rotation and fixed to the se- 
lect and change speed pull-rod, the first intermediate 

♦ 

shaft gear mechanism engaged with the small diameter 
change speed gear to transmit rotation and having a 
large diameter gear provided at a gear transmission side 
40 and a small diameter gear provided at an opposite side 
to the gear transmission, the second intermediate shaft 
gear mechanism, engaged with the small diameter gear 
of the first intermediate shaft gear mechanism and hav- 
ing a large diameter gear at an opposite side to the gear 
45 transmission and a small diameter gear provided at the 
gear transmission side; a center distance of the first re- 
duction gear mechanism is set slightly shorter than a 
center distance of the second reduction gear mecha- 
nism, the center distance of the second reduction gear 
so mechanism is set equal to a center distance of the third 
reduction gear mechanism, the first, second and third 
reduction gear mechanisms have equal gear specifica- 
tions, the numbers of gear teeth of the small diameter 
gears of the respective reduction gear mechanisms are 
ss the same, only the number of gear teeth of the large di- 
ameter gear of the first reduction gear mechanism is set 
so as not to interfere with the small diameter gear of the 
second reduction gear mechanism. 
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[0007] Gear teeth surface portions, shaft portions, matic speed-change apparatus 5 for executing the se- 

bearing portions of the gears and the tip end portion of lect and change speed operations. First, description will 

the lever and a connector portion constituting the select be given to the select mechanism. As shown in FIG. 2 

mechanism and the change speed mechanism may be of the cross-sectional view taken along line INI of FIG. 

dry structure using a material ora solid lubricant to allow s i , a select motor 7 is attached to a case 6 of the auto- 
the select mechanism and the change speed mecha- matic speed-change apparatus 5. A select motor gear 

nism to function without using a liquid lubricant. B is fixed to an output shaft 7 a of the select motor 7 . A 

[0008] Preferably, gear specifications of the interme- select gear 9 is engaged with the select motor gear 8 
diate gears are set such that the gears are spur gears and fixed to the tip end of a select shaft 10. The select 
and have modules set at 1 to 3, a pair of reduction ratios io shaft 1 0 is rotatably provided through metal bearings 1 1 
are 3 to 6 , numbers of gear teeth of the small diameter . and 1 1 . A select bar 1 2 is fixed to the outer periphery of 
gears are 10 to 20, numbers of gear teeth of the large the select shaft 10 between the metal bearings 11 . A tip 
diameter gears are 30 to 120 and that a total reduction end portion 12 a protruded on the tip end of the select 
ratio is 48 to 180. bar 12 is engaged with a connector 1 3. The connector 

[0009] The invention will be further described by way 13 is formed integrally with a shift gear 24 fixedly fitted 

of example with reference to the accompanying draw- . around the select and change speed pull-rod 2. When 
ings, in which:- the select shaft 10 is rotated, the tip end portion 12 a of 

the select bar 12 engaged with the grooves of the con- 
FIG. 1 is a cross-sectional block diagram of an au- . nector 13 is rocked. Then, the select and change speed 
tomatic speed-change apparatus provided at a gear 20 pull-rod 2 shown in FIG. 1 is moved in axial direction, 
transmission according to a preferred embodiment thereby executing select operation, 
of the present invention; and [001 3] A select sensor 29 is provided on the outer end 

FIG. 2 is a cross-sectional view taken along line II- of the select shaft 10 shown in FIG. 2. The select sensor 

II of FIG. 1 4 . 29 consists of a rotation angle sensor capable of detect- 

25 ing the operating angle of the select shaft 10 in the ro- 
[001 0] Now, the embodiment of the present invention fating direction up to 90°. The select sensor 29 outputs 
will be described with reference to the accompanying a detection signal to a controller which is not shown in 
drawings. FIG. 2. The controller inputs this signal and feedback- 

[0011] FIG. 1 is a cross-sectional block diagram controls the select motor 7 which rotates the select shaft 
showing the important parts of an automatic speed- 30 10 so that the select shaft 10 reaches a predetermined 

change apparatus coupled to a gear transmission. FIG: select line. 

2 is a cross-sectional viewtaken along line ll-ll of FIG. 1. [0014] Next, the change speed mechanism will bede- 
ll 2] As shown therein, a select and change speed scribed with reference to FIG. 1 . The main body of the 

pull-rod 2 is provided in a gear transmission 1. A change change speed motor 14 is attached to the case 6 of the 

speed fork 3 is coupled to the select and change speed 35 . automatic speed-change apparatus 5 and arranged to 
rod 2: The tip end portion of the select and change speed protrude toward the gear transmission 1. The output 

pull-rod 2 is. protruded externally from a bearing 4 and shaft 14a of the output shaft 14 is arranged in parallel 

an automatic speed-change apparatus 5 is connected to the select and change speed pull-rod 2. A small di- 
to the select and change speed pull-rod 2 protruded ex- ameter change speed motor gear 1 5 is fitted around the 
temally. The automatic speed-change apparatus 5 40 output shaft 14a. A large diameter gear 17 is engaged 

causes the select and change speed pull-rod 2 to axially with the small diameter change speed motor gear 15. 
move to thereby execute a select operation. In addition, The large diameter gear 17 is fitted around the first in- 
the select and change speed pull-rod 2 is rotated in ro- termediate shaft 19, A small diameter gear 18 consisting 
taring direction to execute speed change operation with- of a long gear is formed integrally with the large diameter 
in the gear transmission 1. As shown in FIG. 1, when *s . gear 17. The intermediate shaft 19, the large diameter 
the select and change speed pull-rod 2 is actuated in . gear 17 and the small diameter gear 18 constitute a first 
axial direction and moved to a position a, the fifth speed . intermediate shaft gear mechanism 16. 
or a retreat position is selected. When the rod 2 is moved [001 5] The intermediate gear 1 9 is rotatably support 
to a position b, the third or fourth speed is selected. ed by a ball bearing 25. A large diameter gear 21 of a 

When the rod 2 is moved to a position c, the first or sec- so second intermediate shaft gear mechanism 20 is en- 
ond speed is selected. After the select operation, if the gaged with the small diameter gear 18 of the first inter- 
select and change speed pull-rod 2 is axially moved to . mediate shaft gear mechanism 1 6. A small diameter 
a position d or e shown in FIG. 2, speed is changed to gear 22 consisting of a long gear is formed integrally 

the second, fourth speed or a retreat position at the po- with the large diameter gear 21 of the second interme- 

sition d and changed to the first, third or fifth speed at ss diate shaft gear mechanism 20 and fitted around an in- 
the position e. A select mechanism for executing select termediate shaft 23. The intermediate shaft 23 is rotat- 

operation and a change speed mechanism for executing ably supported by a ball bearing 26. The second inter- 

change speed operation are incorporated into the auto- mediate shaft gear mechanism 20 and the first interme- 
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diate shaft gear mechanism 1 6 are parallel to each other 

- \ 

and also parallel to the output shaft 14a of the change 
speed motor 1 4 and to the select and change speed pull- 
rod 2. The large diameter shift gear 24 is engaged with 
the small diameter gear 22 of the second intermediate s 
shaft gear mechanism 20. 

[0016] A slit 2a is axially formed into a groove shape 
at the outer end side of the select and change speed 
pull-rod 2. A change speed sensor 28 is arranged to be 
inserted into the slit 2a and constituted that even if the io 
select and change speed pull-rod 2 is moved axially, the 
pull-rod 2 does not abut against the change speed sen- 
sor 28. The change speed sensor 28 consists of a rota- 
tion angle sensor capable of detecting the operating an- 
gle of the select and change speed pull-rod 2 in rotation is 
direction up to 90° . The change speed sensor 28 detects 
the operating angle of the select and change speed pull- 
rod 2 in rotation direction and feeds a signal to the con- 
troller. Using the signal, the controller feedback-controls 
the change speed motor 1 4 such that the rotation angle 20 
of the select and change speed pull-rod 2 can reach a 
predetermined change speed line. 

[001 7] A first reduction gear mechanism is constituted 
by the change speed motor gear 1 5 at the change speed 
motor 1 4 side and the first intermediate shaft gear mech- 25 
anism 16. A second reduction gear mechanism is con- 
stituted by the first intermediate shaft gear mechanism 
16 and the second intermediate shaft gear mechanism 
20. A third reduction gear mechanism is constituted by 
the second intermediate shaft gear mechanism 20 and 30 
the select and change speed pull-rod 2. Thus, the rota- 
tion of the change speed motor 14 is reduced and the 
reduced rotation is transmitted to the select and change 
speed pull-rod 2. To this end, the center distance LI of 
the first reduction gear mechanism is set shorter than 35 
the center distance L2 of the second reduction gear 
mechanism and the center distance L2 of the second 
reduction gear mechanism is set equal to the center dis- 
tance L3 of the third reduction gear mechanism. 

[0018] The number of the gear teeth of the change <0 
speed motor gear 15, that of the gear teeth of the small 
diameter gear 18 of the first intermediate shaft gear 
mechanism 16 and that of the gear teeth of the small 
diameter gear 22 of the second intermediate shaft gear 
mechanism 20 are set equal to one another. The 45 
number of the gear teeth of the large diameter gear 21 
of the second intermediate shaft gear mechanism 20 
and that of the gear teeth of the shift gear 24 are set 
equal to each other. The number of the gear teeth of the 
large diameter gear 17 of the first intermediate shaft so 
gear mechanism 1 6 is set smaller than that of the gear 
teeth of the large diameter gear 21 of the second inter- 
mediate shaft gear mechanism 20 so that the large di- 
ameter gear 1 7 of the first intermediate shaft gear mech- 
anism 1 6 does not interfere with the small diameter gear ss 
22 of the second intermediate shaft gear mechanism 20. 
[0019] For example, if the rotation angle of the select 
and change speed pull-rod 2 necessary to change the 



speed of the change speed fork 3 within the gear trans- 
mission 1 from a present speed to a target speed is 1/7 
rotation (about 51 °), the reduction ratio of the first re- 
duction gear mechanism is 4, that of the second reduc- 
tion gear mechanism is 5 and that of the third reduction 
gear mechanism is 5. Thus, the overall reduction ratio 
amounts to 100. The entire rotation frequency of the 
change speed motor 14 necessary for changing speed 
is 100 times as high as 1/7, i.e., about 14, which numeric 
value falls within a practical range. Accordingly, if a com- 
mercially available DC motor (capacity: 8 kgcm/8000 
rpm; rating: 4 kgcm/4000 rpm) is employed, the speed 
change time between the respective speeds is 0.3 to 0.4 
seconds. 

[0020] The small diameter gears 1 8 and 22 and large 
diameter gears 17 and 21 of the first intermediate shaft 
gear mechanism 16 and the second intermediate shaft 
gear mechanism 20, respectively are spur gears and 
have modules set at 1 to 3. The numbers of the gear 
teeth of the small diameter gears 18 and 22 are 10 to 
20, respectively. The numbers of the gear teeth of the 
large diameter gears 1 7 and 2 1 are set at 30 to 1 20. The 
overall reduction ratio from the change speed motor 
gear 1 5 to the select and change speed pull-rod 2 can 
be set to fall between 48 and 180. 

[0021] The small diameter gears 18 and 22, the large 
diameter gears 17 and 21 , the change speed motor gear 
15, the change speed gear 24 and the like are made of 
nylon resin. The metal bearings 4, 11 and 27 are made . 
of PPFE resin. The ball bearings 25 and 26 are grease 
sealed type bearings. The tip end portion 12a of the se- 
lect bar 1 2 and the connector 1 3 can be connected by 
using polyimide resin or coating grease or the like with- 
out using liquid lubricating oil to thereby provide a dry 
connection part therebetween which can prevent leak- 
age of oil. 

[0022] The connector 1 3 may be formed directly at the . 
select and change speed pull-rod 2. 

[0023] In this embodiment, the first intermediate shaft 
gear mechanism 16 and the second intermediate shaft 
gear mechanism 20 are arranged in parallel to the 
change speed motor 14 and the select and change 
speed pull-rod 2 and formed out of spur gears, respec- 
tively. This makes it possible to make the structure of 
the apparatus simple, to manufacture the apparatus at 
low cost and to form the select sensor 29 and the change 
speed sensor 28 out of rotation angle sensors, respec- 
tively. It is, therefore, possible to conduct feedback con- 
trol with high accuracy. 

[0024] Further, since the change speed motor 14 is 
provided to be close to the gear transmission 1 , the ap- v 
paratus becomes compact and can be better mounted . 
into a vehicle. Vibration acting on the change speed mo- 
tor 14 is reduced and durability enhances. 

[0025] Moreover, since the large diameter gear 17 of 
the first intermediate shaft gear mechanism 16 is pro- 
vided at the change speed motor 14 side, the position 
of the change speed gear becomes closer to the main 
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body of the change speed motor 1 4. Thus, the overhang back control of the select sensor to thereby allow the 

of the output shaft 14a of the change speed motor 14 is select shaft to reach a predetermined select line; and 

little and good durability can be provided. during the change speed operation, when the change 

[0026] Additionally, since only the numbers of the speed motor is actuated, the change speed gear is 

gear teeth of the large diameter gears 1 7 and 21 of the s rocked through the intermediate shaft gear mechanisms 
two intermediate shaft gear mechanisms 16 and 20 are and the select and change speed pull-rod is deformed 

made different and the remaining constitutions are the in the rotation direction and adjusted by feedback con- 

same in specifications and made of the same compo- trol of the change speed sensor to thereby allow the se- 

nents. Due to this, the number of types of components lect and change speed pull-rod to reach a predeter- 

can be reduced and the apparatus can be manufactured -io mined change speed line. With this constitution, the 
at low cost. The reduction ratios of the three pairs of present invention has advantages in that the apparatus 

reduction gear mechanisms are set to be the same. Due can be manufactured with simple structure at low cost 

to this, only two pairs of intermediate shaft gear mech- and the seed of the gear transmission can be automat- 

anisms 16 and 20 may be provided, the number of com- ically changed well. 

ponents per necessary entire reduction ratio is reduced, is [0026] Further, two pairs of a first intermediate shaft 
the components become compact in size and the sizes gear mechanism and a second intermediate shaft gear 
of the large diameter gears 17 and 21 are not increased mechanism are provided in the change speed mecha- 
more than needed. Thus, the gears are less tilted and nism between an output shaft of the change speed mo- 
good durability can be ensured. Besides, since the ap- tor and the select and change speed pull-rod to thereby 
paratus is set to be dry, oil does not leak to thereby re- 20 constitute a first reduction gear mechanism, a second 
alize a maintenance-free apparatus. reduction gear mechanism and a third reduction gear 

[0027] The present invention is an automatic speed- mechanism from a change speed motor side in this or- 
change apparatus for a gear transmission, connected der and a main body of the change speed motor is pro- 
to a select and change speed pull-rod of the gear trans- vided at the gear transmission side; the shift mechanism 
mission having a constitution in which the select and 25 \ $ provided with a small diameter change speed gear 
change speed pull-rod is moved in an axial direction to fixed to the output shaft of the change shaft motor and 
select a line of a change speed fork provided within the a large diameter change speed gear engaged with the 
gear transmission and a rotation direction of the select small diameter gear of the second intermediate shaft 
and change speed pull-rod cooperates with the change gear mechanism to transmit rotation and fixed to the se- 
speed fork to complete speed change of a gear, for ex- 30 Ject and change speed pull-rod, the first intermediate 
ecuting select and change speed operations of the gear shaft gear mechanism engaged with the small diameter 
transmission, wherein a select mechanism for executing . change speed gear to transmit rotation and having a 
the select operation and a change speed mechanism large diameter gear providedat a gear transmission side 
for executing the change speed operation are incorpo- and a small diameter gear provided at an opposite side 
rated into the automatic speed-change apparatus; the ss to the gear transmission, the second intermediate shaft 
select mechanism comprises a select shaft rotated by gear mechanism engaged with. the small diameter gear 
a select motor capable of controlling forward and back- of the first intermediate shaft gear mechanism and hav- 
ward rotation, a select sensor provided on an outer end ing a large diameter gear at an opposite side to the gear 
of the select shaft and detecting an operating angle of transmission and a small diameter gear provided at the 
the select shaft in rotation direction, a select lever fixed 40 gear transmission side; a center distance of the first re- 
to the select shaft and a connector connecting a tip end duction gear mechanism is set slightly shorter than a 
portion of the select lever to the select shaft; the change center distance of the second reduction gear mecha- 
speed mechanism comprises a change speed motor ca- . nism, the center distance of the second reduction gear 
pable of controlling forward and backward rotation; a mechanism is set equal to a center distance of the third 
plurality of intermediate shaft gear mechanisms each 45 reduction gear mechanism, the first, second and third 
having a large diameter gear, a small diameter gear and reduction gear mechanisms have equal gear specifica~ 
an intermediate shaft parallel to the select and change tions, the numbers of gear teeth of the small diameter 
speed pull-rod; a change speed gear engaged with the gears of the respective reduction gear mechanisms are 
intermediate shaft gear mechanism to transmit rotation the same, only the number of gear teeth of the large di- 
and fixed to the select and change speed pull-rod; and so ameter gear of the first reduction gear mechanism is set 
a change speed sensor provided on an outer end of the so as not to interfere with the small diameter gear of the 
select and change speed rod and detecting an operating second reduction gear mechanism. With this constitu- 
angle of the select and change speed pull-rod in the ro- tion, the present invention has advantages in that the 
tation direction; during the select operation, when the apparatus is made compact and can be well mounted 
select motor is actuated, the select shaft is deformed in ss into a vehicle, durability improves, the number of com- 
the rotation direction to rock the select lever and to ax- ponents can be reduced, the number of types of com- 
ially move the select and change speed pull-rod through ponents can be reduced and the apparatus can be man- 
the connector and the select shaft is adjusted by feed- ufactured at low cost. 
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[0029] Gear teeth surface portions, shaft portions, 
bearing portions of the gears and the tip end portion of 
the lever and a connector portion constituting the select 
mechanism and the change speed mechanism are dry 
structure using a material ora solid lubricant to allow the s 
select mechanism and the change speed mechanism to 
function without using a liquid lubricant. Thus, oil leak- 
age can be avoided and a maintenance-free apparatus 
can be provided. 

[0030] The gear specifications of the intermediate io 
gears are set such that the gears are spur gears and 
have modules set at 1 to 3, a pair of reduction ratios are 
3 to 6, numbers of gear teeth of the small diameter gears 
are 1 0 to 20, numbers of gear teeth of the large diameter 
gears are 30 to 1 20 and that a total reduction ratio is 48 _ *5 
to 180. By these settings, the number of types of com- 
ponents can be reduced, the apparatus can be manu- 
factured at low cost, the number of components per nec- 
essary entire reduction ratio is small, the apparatus can 
be made compact and the sizes of the large diameter 20 
gears are not increased more than needed. Thus, the 
gears are less tilted and good durability can be ensured. 

Claims 2 s 

1. An automatic speed-change apparatus for a gear 
transmission, connected to a select and change 
speed pull-rod of the gear transmission having a 
constitution in which the select and change speed 30 
pull-rod is moved in an axial direction to select a line 
of a change speed fork provided within the gear 
transmission and a rotation direction of said select 
and change speed pull-rod cooperates with said 
change speed fork to complete speed change of a 3S 
gear, for executing select and change speed oper- 
ations of the gear transmission, wherein: 

a select mechanism for executing said select 
operation and a change speed mechanism for 40 
executing said change speed operation are in- 
corporated into said automatic speed-change 
apparatus; 

said select mechanism comprises a select 
shaft rotated by a select motor capable of con- 4S 
trolling forward and backward rotation, a select 
sensor provided on an outer end of the select 
shaft and detecting an operating angle of the 
select shaft in rotation direction, a select lever 
fixed to said select shaft and a connector con- 
necting a tip end portion of the select lever to 
said select shaft; 

said change speed mechanism comprises a 
change speed motor capable of controlling for- 
ward and backward rotation; a plurality of inter- 3S 
mediate shaft gear mechanisms each having a 
large diameter gear, a small diameter gear and 
an intermediate shaft parallel to the select and 
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change speed pull-rod; a change speed gear 
engaged with the intermediate shaft gear 
mechanism to transmit rotation and fixed to 
said select and change speed pull-rod; and a 
change speed sensor provided on an outer end 
of said select and change speed rod and de- 
tecting an operating angle of the select and 
change speed pull-rod in the rotation direction; 
during the select operation, when the select 
motor is actuated, said select shaft is deformed 
in the rotation direction to rock said select lever 
and to axially move said select and change 
speed pull-rod through said connector and said 
select shaft is adjusted by feedback control of 
said select sensor to thereby allow said select 
shaft to reach a predetermined select line; and 
during the change speed operation, when the 
change speed motor is actuated, said change 
speed gear is rocked through said intermediate 
shaft gear mechanisms and said select and 
change speed pull-rod is deformed in the rota- 
tion direction and adjusted by feedback control 
of said change speed sensor to thereby allow 
the select and change speed pull-rod to reach 
Ja predetermined change speed line. 

2. The automatic speed-change apparatus for the 
gear transmission according to claim 1, wherein: 

two pairs of a first intermediate shaft gear 
mechanism and a second intermediate shaft 
gear mechanism are provided in said change 
speed mechanism between an output shaft of 
said change speed motor and said select and 
change speed pull-rod to thereby constitute a 
first reduction gear mechanism, a second re- 
duction gear mechanism and a third reduction . 
gear mechanism from a change speed motor 
side in this order and a main body of said 
change speed motor is provided at said gear 
transmission side; said shift mechanism is pro- 
vided with a small diameter change speed gear 
fixed to the output shaft of said change shaft 
motor and a large diameter change speed gear 
engaged with the small diameter gear of said 
second intermediate shaft gear mechanism to 
transmit rotation and fixed to said select and 
change speed pull-rod, said first intermediate 
shaft gear mechanism engaged with the small 
diameter change speed gear to transmit rota- 
tion and having a large diameter gear provided 
at a gear transmission side and a small diame- 
ter gear provided at an opposite side to the gear 
transmission, said second intermediate shaft 
gear mechanism engaged with the small diam- 
eter gear of said first intermediate shaft gear 
mechanism and having a large diameter gear 
at an opposite side to said gear transmission 
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and a small diameter gear provided at said gear 
transmission side; 

a center distance of said first reduction gear 
. mechanism is set slightly shorter than a center 
distance of said second reduction gear mech- 
anism, the center distance of said second re- . 
duction gear mechanism js set equal to a center 
distance of said third reduction gear mecha- 
nism, the first, second and third reduction gear 
mechanisms have equal gear specifications, 
the numbers of gear teeth of the small diameter 
gears of the respective reduction gear mecha- 
nisms are the same, only the number of gear 
teeth of the large diameter gear of said first re- 
duction gear mechanism is set so as not to in- 
terfere with the small diameter gear of said sec- 
ond reduction gear mechanism. 

3. The automatic speed-change apparatus for the 
gear transmission according to claim 1 or 2, where- . 
in: . 

gear teeth surface portions, shaft portions, 
bearing portions of the gears and the tip end portion 
of the lever and a connector portion constituting 
said select mechanism and said change speed 
mechanism are dry structure using a material or a. 
solid lubricant to allow said select mechanism and 
said change speed mechanism to function without 
using a liquid lubricant 

4. The automatic, speed-change apparatus for the 
gear transmission according to any of claims 1 to 3, 
wherein: 

gear specifications of said intermediate gears 
are set such that the gears are spur gears and have 
modules set at 1 to 3, a pair of reduction ratios are 
3 to 6, numbers of gear teeth of the small diameter 
gears are 10 to 20, numbers of gear teeth of the 
large diameter gears are 30 to 1 20 and that a total 
reduction ratio is 48 to 180. 
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